Two methods of bacteriocin susceptibility typing for Serratia marcescens were compared. A total of 80 epidemiologically unrelated isolates from patients in a single hospital were typed by the cross-streaking method and the mitomycin Cinduced (spotting) method. The cross-streaking method was found to be more discriminatory than the spotting method. Using the cross-streaking method, it was possible to differentiate 50 bacteriocin groups out of the 80 isolates, whereas only 31 groups could be obtained with the spotting method. The reproducibility and percentage typability of the cross-streaking method (82.5 and 93.75%, respectively) were found to be as good as, if not better than, those of the spotting method (78.75 and 90.0%, respectively). Other factors, such as lower economic cost, technical simplicity, and the relative ease in the scoring of results, indicate a preference for the cross-streaking method. The findings of this study support the choice of the cross-streaking method for the bacteriocin typing of S. marcescens in epidemiological studies.
Serratia marcescens, a member of the tribe Klebsielleae, has been reported with increasing frequency as a cause of nosocomial infections, probably due to better identification techniques. Its association with infections such as septicemia (3), balanitis (14) , meningitis (12) , empyema (11) , osteomyelitis (4), etc., is alarming. Once considered a normal commensal of the intestine and a saprophyte, it has now become an opportunistic pathogen whose innate ability to acquire resistance presents a formidable challenge to both antimicrobial agents and antiseptics (9, 15, 17) .
In view of the seriousness of S. marcescens infections and the ease with which this organism gains resistance to antimicrobial agents, it is important to prevent and to rapidly control infections by this nosocomiant. However, control and preventive measures can only be effective if there is adequate understanding of the epidemiology of Serratia infections. Epidemiological surveillance of S. marcescens infections has so far been limited because many clinicians are not aware of the pathogenicity of the organism, and laboratories often do not identify the organism. Besides, there still does not exist a simple and reliable method of bacterial typing to provide adequate means of investigating sources and routes of infection.
Various methods of typing, such as serotyping (6) , bacteriophage typing (13) , biotyping (16) , and bacteriocin typing (7, 8, 20) , have been used in the epidemiological fingerprinting of S. marcescens. Bacteriocin typing, based on the production of and sensitivity to bacteriocins, has provided the greatest contribution so far to the typing of S. marcescens for epidemiological studies.
Bacteriocins are proteinaceous substances produced by bacteria that kill other bacteria of closely related strains. Bacteriocins of Serratia spp. and their properties have been described by many workers (5, 10, 18) . For bacteriocin typing, Farmer (7) described a bacteriocin production method in which mitomycin C was used to induce bacteriocin production by clinical isolates, and the resulting bacteriocin preparations were then tested for activity against a standard set of indicator strains. Traub et al. (20) described a bacteriocin susceptibility method in which a set of known bacteriocin producers were induced by mitomycin C to produce bacteriocins and clinical isolates were tested for their susceptibility to these bacteriocin preparations. Bacteriocin typing by the mitomycin C induction method. Bacteriocin typing by the mitomycin C induction method was carried out as described by Traub et al. (20) with minor modifications.
J. CLIN. MICROBIOL. (i) Induction and production of crude lysates of bacteriocin. Mitomycin C (Sigma Chemical Co.) was prepared by dissolving 2 mg of the powder in sterile distilled water to yield 500 ,ug/ml. This solution was then passed through 0.22-p.m membrane filters (Millipore Corp.) and dispensed in 2-ml amounts in sterile screw-capped vials, which were frozen and kept stored at -20°C in the dark. Two to five colonies of each producer strain were inoculated into 2.5 ml of Trypticase soy broth (BBL Microbiology Systems) in sterile tubes and incubated overnight in a 30°C water bath. One milliliter of each was pipetted into 9 ml of fresh nutrient broth in a McCartney bottle and incubated at 30°C for 2 h. The mitomycin C preparation was then added with an Eppendorf micropipette to give a final concentration of 1 ,ug/ml, and the bottles were incubated overnight at 30°C. The following day, 1 ml of chloroform was added, and the bottles were shaken vigorously for 1 min on a Whirlimixer and then centrifuged at 2,000 x g for 15 min. The supernatant fluids were removed with Pasteur pipettes into sterile plastic petri dishes, and the plates were aerated with lids open in a laminar flow cabinet for 0.5 h. This crude bacteriocin preparation was then transferred into a sterile bijou bottle and kept at 4°C. These undiluted bacteriocin preparations were then used to type S. marcescens strains. A control was obtained by adding 1 ml of chloroform to 9 ml of Trypticase soy broth, which was then centrifuged, and the supernatant was treated in the same manner as above.
(ii) Bacteriocin typing using crude lysates of bacteriocin (spotting method). Two colonies of each test strain were inoculated into 2.5 ml of nutrient broth in test tubes, shaken with a Vortex mixer, and incubated at 37°C overnight. The cultures were then diluted 1:100 in nutrient broth. Nutrient agar plates (nutrient agar in plastic petri dishes) were flooded with the diluted cultures; excess fluid was pipetted off, and the plates were dried in a laminar flow cabinet for 10 min. One drop of each bacteriocin preparation from (i) was spotted onto a corresponding sector on nutrient agar plates, each of which had been lawned with a test strain. Using various bores of Pasteur pipettes and micropipettes, it was found by trial and error that the most suitable drop size was given with a 20-,ul Eppendorf micropipette. The drops were allowed to dry, and the plates were incubated overnight in a 37°C incubator. The plates were then read for zones of inhibition where the bacteriocin preparations had been dropped. Degrees of inhibition were scored as +, +, or -as for the cross-streaking method.
Reproducibility test. To assess reproducibility, the 80 S. marcescens strains were typed twice by both the spotting and the cross-streaking methods, using the same nine reference producer strains. For each method, the percentages of pairs of tests with zero, one, and two strong reaction differences were calculated.
RESULTS
A total of 36 typing patterns were obtained for the 80 test strains typed by the spotting method ( Table 1) . Most of the 36 bacteriocin groups had only one member each, whereas the rest had 2 to 11 members per group. Eight strains could not be typed, thus giving a typability of 90%.
By the cross-streaking method, 50 bacteriocin streaking method differentiated 50 groups among over a long period of time. The cross-streaking the same isolates. This suggests that the cross-method differentiated eight groups among these streaking method may be more sensitive and same 11 strains. On the other hand, in the only discriminatory than the bacteriocin spotting probable incidence of cross-infection in this method. For instance, group 645 by the spotting study, the cross-streaking method placed all method had 11 members. Most of these are seven strains in group 647, which was split into likely to be from sporadic infections since they four different groups by the spotting method. At were isolated from a variety of clinical sources least four of these seven strains are likely to be epidemiologically related since they were all isolated from surgical drains within a 2-month period (Table 4) . Hence, the cross-streaking method gave more uniform typing patterns for strains which may be epidemiologically related.
The reproducibility of the cross-streaking method appeared to be better, especially when only results with zero reaction difference were considered. However, for both the methods, reproducibility was quite high compared with the results of other researchers. Anderhub et al. (1) found that 52% of their strains gave identical patterns when typed twice by cross-streaking, whereas 64% of paired results with their mitomycin C-induced method were identical. It is apparent that the reproducibility of both methods in this study was much higher than that of Anderhub et al.
The percent typability of the cross-streaking method (93.75%) was slightly higher than that of the spotting method (90%). This figure is approximately similar to the 88.4% typability obtained by Traub and Raymond (19) . Anderhub et al. (1) , however, were able to obtain 100% typability for cross-streaking and 91% for bacteriocin spotting.
Besides the quantitative advantages described above, the cross-streaking method had other qualitative advantages (Table 5 ). These include the simplicity of the bacteriocin cross-streaking procedures, which could be readily understood by laboratory personnel. No induction or extraction of bacteriocin was required. There was no problem of contamination of bacteriocin preparations.
There was less chance of obtaining erroneous positive reEponses due to phages because in cross-streaklng no induction by mitomycin C was required. Instead, it depended on the spontaneous elaboration of bacteriocins, very small quantities of which were required due to their easy diffusibility into agar.
The scoring of results was also much easier with the cross-streaking method, as it was generally observed that partial inhibition occurred less commonly and when it did, it was easily discernable because the number of colonies within inhibition zones was in the range of 10 to 20. The spotting method, on the other hand, gave less clear-cut results, as hazy growth often covered the inhibition zones and at times hundreds of tiny colonies grew within inhibition zones. The number of ways in which partial inhibition may exhibit itself can be confusing to the inexperienced and render the scoring procedures subjective. In conclusion, we have confirmed the observation of Anderhub et al. that the cross-streaking method of bacteriocin typing may be more discriminatory than the bacteriocin spotting method. We have also found the reproducibility and percentage typability of the cross-streaking method to be as good as, if not better than, that of the spotting method. These observations, together with other considerations discussed above, strongly support the choice of the crossstreaking method for the bacteriocin typing of S. marcescens in epidemiological studies.
